Background: Patients with diabetes frequently are hospitalized, and quality of inpatient care for diabetes is of great concern. Rehospitalization after hospital discharge is a frequent adverse outcome experienced by patients with diabetes. Objectives: We assessed the frequency of and risk factors for rehospitalization among all Philadelphia residents with diabetes. Methods: Individual histories of hospitalization were ascertained from hospital discharge summaries for Philadelphia residents ages 25-84 who had at least 1 diabetes hospitalization from 1994 through 2001. Logistic regression was used to assess predictors of nonelective rehospitalization within 30 days of discharge, including recording of diabetes diagnosis. Results: Nonelective rehospitalizations within 30 days of hospital discharge were ascertained for 58,308 (20.0%) of 291,752 discharges. The proportion rehospitalized was 9.4% after a patient's first diabetes diagnosis hospitalization; after later discharges for which a diabetes diagnosis was not recorded, rehospitalizations occurred in 30.6% of all cases. The absence of a diabetes diagnosis was a highly significant predictor of rehospitalization after adjustment for age, year, gender, race/ethnicity, insurance status, admission type, severity code, length of stay, discharge status, and number of previous hospitalizations. Conclusion: Failure to record a diabetes diagnoses in administrative hospital discharge data may reflect lack of attention to the critical needs of patients with diabetes who are being treated for other conditions, whereas the attention to patient education and follow-up planning for patients with incident diabetes diagnoses may reduce the risk of rehospitalization.
D iabetes is associated with a wide array of acute and chronic complications and comorbid conditions, and patients with diabetes frequently are hospitalized. 1, 2 There were 4.9 million hospital discharges with diabetes as a listed diagnosis in the United States in 2002, 3 and this rate probably underestimates the true prevalence of diabetes in hospitalized patients. 4 Inpatient management of patients with diabetes often is less than optimal, and suboptimal management is associated with excess mortality and increased length of stay. 4 Diabetes has been cited as one of the diagnoses for which readmissions are likely to be a valid measure of quality of care. 5, 6 We therefore examined hospital discharge data for all Philadelphia residents who were hospitalized in Pennsylvania with a diabetes diagnosis at any time between 1994 and 2001, inclusive, and assessed risk factors for rehospitalization within 30 days of discharge.
Using variables available in the discharge records, we assessed factors that have been associated with diabetes complications, hospitalizations, or both, including demographic factors, insurance status, calendar year, measures of clinical severity, and previous hospital use. [7] [8] [9] [10] On the basis of observation that in many cases patients with previously diagnosed diabetes were not coded for diabetes in subsequent hospitalizations, we also examined risk of rehospitalization in relation to whether diabetes was coded and to whether the patient had had a previous hospitalization coded for diabetes. Rehospitalizations that were coded as "elective," indicating that the patient was hospitalized for a planned procedure, were excluded to focus on unplanned, undesirable readmissions.
Methods
Hospital discharge data were obtained from the Pennsylvania Health Care Cost Containment Council, a state agency mandated to collect data on all admissions to all hospitals in Pennsylvania. All residents of Philadelphia ages 25-84 who were hospitalized in Pennsylvania with a diagnosis of diabetes (ICD 9 code 250) at any time between January 1, 1994, and December 31, 2001, were included. All Pennsylvania hospitalizations for these individuals during this period were ascertained, including those for which a diabetes diagnosis was not recorded. Additional details on data collection have been published previously. 11 The data collected included demographic information, dates of admission and discharge, admission type, up to 10 diagnostic codes, severity code, and discharge type. Race and ethnicity were recorded in these administrative records and may have been classified either by the patient or by hospital admissions staff.
For this study, hospitalizations during which the patient died and discharges to another hospital were excluded because these patients were not at risk for rehospitalization after discharge. Discharges less than 30 days before the end of the study period (ie, discharges after December 1, 2001) were excluded because rehospitalization could not be ascertained. The outcome of interest was nonelective rehospitalization because these admissions are clearly unplanned and undesirable, whereas elective admissions may reflect aggressive management of potential complications.
Age, gender, race/ethnicity, insurance status, and year were tested as possible risk factors for rehospitalization. Variables that reflect the severity of the patient's condition (number of previous hospitalizations, admission type, severity code, length of stay, and discharge status) were included as control variables. We also examined whether or not a diabetes diagnosis was recorded and whether or not the patient had had an earlier diabetes-diagnosis hospitalization during the study period. Logistic regression was used to assess multiple risk factors. Secondary analyses tested the effects of using the principal diagnosis and the specific facility as control variables, or using only a single randomly selected hospitalization for each individual patient. All analyses were carried out using SAS version 9.1. 12 The study was approved by the Philadelphia Department of Public Health Institutional Review Board.
Results
There were 291,752 hospital discharges recorded for 88,776 individual patients. Of these discharges, 58,308 (20%) were followed by nonelective rehospitalizations within 30 days. Demographics of the study sample and unadjusted rehospitalization percentages are shown in Table 1 .
Overall, diabetes was recorded as a diagnosis in 234,488 (80%) of these hospitalizations, of which 86,043 were the first recorded diabetes diagnosis for that patient in our data (Table 2) . Hospitalizations for which a diabetes diagnosis was not recorded were followed by rehospitalization within 30 days 27% of the time, a proportion 49% higher than for hospitalizations in which a diabetes diagnosis was recorded. Among the 57,264 hospitalizations for which diabetes was not coded, 34,457 preceded the first diabetes-diagnosed hospitalization in our data. Some of these probably represent hospitalizations preceding development of the disease. The remaining 22,807 represent hospitalizations in which a previously diagnosed diabetic inpatient was not coded for diabetes, and 31% of these were followed by rehospitalization. Table 3 presents odds ratios for rehospitalization, controlling for all other variables included in the model. Each of the variables included was statistically significant at P Ͻ 0.01. Female gender and increasing age were associated with 5.0% and 3.9% reduction in odds of rehospitalization, respectively, whereas odds of rehospitalization increased 8.6% per calendar year. There was a strong dose-response relationship between severity code and rehospitalization; other variables associated with severity of disease, including number of previous hospitalizations, discharge to other institutions or home health care, and (marginally) length of stay also were positively associated with rehospitalization. Relative to non-Hispanic whites, black, Asian, "other," and unknown race/ ethnicity had higher odds of rehospitalization whereas Hispanic patients had 16.8% lower odds. By insurance status, the odds of rehospitalization for private fee-for-service and uninsured patients odds were 34.5% and 32.2% lower, respectively, than those for Medicare patients.
After controlling for all other variables in the model, the patient's first hospitalization in which a diabetes diagnosis was recorded (ie, admissions in which diabetes was coded, and the patient had no prior diabetes-diagnosed hospitalizations) was 54.4% less likely to be followed by a nonelective readmission than subsequent hospitalizations. Among hospitalizations after the patient's first diabetes diagnosis, there was a 32.8% excess odds of rehospitalization (95% confidence interval 28.6 -37.3%) when a diabetes diagnosis was not recorded.
Additional controls for the specific principal diagnosis and for the facility did not alter these findings, except that after controlling for facility the excess risks of rehospitalization associated with black, Asian, and "other" race/ethnicity were not statistically significant, whereas the risk associated with urgent as opposed to emergency admissions was further diminished (details available from corresponding author).
Restricting the analyses to 1 hospitalization per unique patient identifier did not alter the results.
Discussion
We examined all hospitalizations during an 8-year period for all residents of Philadelphia ages 25-84 who were hospitalized with a diagnosis of diabetes at any time between 1994 and 2001. Readmission (to the same or another hospital) within 30 days of discharge followed 20% of these hospitalizations, far more than the 5-14% estimated for all hospital discharges, 5 representing a substantial burden on both patients and the health care system. The strongest determinants of rehospitalization, other than the high risks for the small number of patients discharged to a home IV provider and the diminished risks for patients with elective admissions, were insurance status and diabetes diagnosis status.
The finding that rehospitalizations were less frequent among patients without insurance has not, to our knowledge, been reported previously and deserves further investigation. The extreme disparity between Medicaid and uninsured patients in our data is a novel finding. Investigators have sometimes combined these 2 generally low-income patient populations into a single category for analysis. 9, 13 Our results suggest that this practice should be avoided unless the 2 groups are found to have similar risks in the data under consideration. The higher proportions rehospitalized for Medicare and Medicaid relative to those with private insurance probably reflect, at least in part, the socioeconomic factors that are associated with patients' insurance status (poverty in the case of Medicaid and relatively high economic resources in the case of private insurance). Finally, in contrast to analyses of readmissions among newborns, 10 the higher proportions rehospitalized among patients with private managed care coverage relative to those with private fee-forservice insurance may reflect the limitations on care imposed by these organizations, and further investigation of this possibility is warranted.
Our findings that patients with diabetes frequently were not coded for diabetes in discharge summaries are consistent with reports from England, Australia, Spain, Scotland, and Canada. 14 -18 Our study is the first to our knowledge to demonstrate adverse outcomes associated with failure to record a diabetes diagnosis. This is true despite the possibility that diabetes diagnoses not recorded in administrative data were nonetheless available in the hospital chart. 15 Although our secondary analyses showed that the effect of having a diabetes diagnosis recorded was independent of other facilitylevel factors, there was wide variation among hospitals in consistency of diabetes coding (ranging from 33.4% to 97.5% among hospitals with 100 or more discharges), and at the hospital level there was a strong inverse correlation between the proportion with diabetes coded and the proportion followed by nonelective rehospitalization (r ϭ Ϫ0.53, data not shown). It is possible that in some cases diabetes was not recorded because it was overshadowed in importance by multiple other morbidities. However, in more than 80% of the discharge records for previously diagnosed patients with diabetes that did not record diabetes, there were unused fields available to record additional diagnoses, and records without a diabetes diagnosis had fewer diagnoses recorded overall than those in which diabetes was recorded (data not shown). Future research should clarify whether rehospitalization is associated with shortcomings in administrative record-keeping and other functions, failure to note diabetes in the inpatient chart, failure to attach patients to followup diabetes care, or some combination of these factors. In addition, we were able to demonstrate a very substantial decrease in risk of rehospitalization after the first hospitalization during which a patient was coded for diabetes. The results suggest that some actions taken as a result of this event-whether by the hospital staff, the patient, or the providers of follow-up care-may be effective in improving postdischarge outcomes. Although one study 19 found no relationship between the probability of receiving postdischarge follow-up care and whether or not the patient had been newly diagnosed in hospital, that study was limited to patients who had been seen by a certified diabetes educator during the hospital stay. Most hospitalized patients with diabetes do not receive such specialized diabetes care. 5 Additional research is required to confirm our findings and determine what factors, either during or after the first diabetes hospitalization, might account for the decreased risk of rehospitalization.
There are important limitations inherent in the use of administrative data. We do not know whether diabetes diagnoses were recorded in medical charts even when they were not present in the discharge record. Some patients in the study may have received a diabetes diagnosis, either in outpatient care or during a hospitalization before 1994, prior to the first hospitalization we ascertained with such a diagnosis recorded. However, these limitations would be expected to reduce the associations we found between administrative diagnoses and rehospitalization. Although correlation of outcomes within patients could bias the results of logistic regression using hospitalization as the unit of analysis, secondary analyses including only one, randomly-selected hospital discharge per patient yielded essentially identical results. Observed associations may not be causal, and this study does not provide direct evidence that improving recording of diabetes diagnoses would improve postdischarge outcomes.
Other investigators have shown that intensive discharge planning can prevent rehospitalizations. 20 This study suggests that even the apparently minor administrative detail of appropriately coding patients with diabetes is associated with decreased risk for rehospitalization. Efforts to ensure that diabetes is consistently recorded for hospitalized patients may help to reduce the high frequency of nonelective readmissions following discharge for patients with diabetes. 
